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CALL TO ORDER

Executive Secretary Janet L. Scudiero, M.S. caled the meseting to order at 9:57 am.
She dtated that Marcus P. Besser, Ph.D., Brent A. Blumengtein, Ph.D., Fernando G. Diaz, M.D.,
Ph.D., Choll W. Kim, M.D., Ph.D., and Jay D. Mabrey, M.D. were appointed to temporary
voting atus for this meeting. She then read the conflict of interest satement. Full waivers were
granted to John S. Kirkpatrick, M.D. and Jay D. Mabrey, M.D. for ther interestsin firms that
could be affected by the pand’ s recommendations. The agency took into consideration other
meatters concerning Drs. Finnegan, Kim, Kirkpatrick, and Mabrey, al of whom reported current
or past interests in firms at issue but in matters not related to the day’ s agenda. They could
participate fully in the pand’s ddiberations. Ms. Scudiero noted that the next pand meeting
dates are tentatively scheduled for August 12—13 and December 2—3, 2004.

Panel Chair Michae Yaszemski, M.D., Ph.D., stated that the purpose of meeting was
to make recommendations concerning a PMA for the DePuy Charité Artificid Lumbar Disc for
spind arthroplasty in skeletdly mature patients with degenerative disc disease (DDD) at one
level from L4 to S1. He asked the pand members to introduce themsdlves, after which he noted
that the members present congtituted a quorum.

Barbara Zimmerman, Chief, Orthopedic Devices Branch, updated the panel on
severa submissons snce the previous pand meeting in December 2003. The Wyeth INFUSE
bone graft, discussed at the November 2002 meeting, was approved April 30, 2004. The bone
graft isindicated for treating acute, open tibia shaft fractures that have been stabilized with IM
nall fixation after gppropriate wound management. The PMA is how owned by Medtronic
Sofamor Danek.

Five non-pane track PMAs were approved since the December meseting. The Stryker OP-
1 Putty, which was collaboretively reviewed with CDER and CBER, was approved April 7,
2004. The materid isindicated for use as an dternative to autograft in compromised patients
requiring revison posterolaterd (intertransverse) lumbar spind fusion, for whom autologous
bone and bone marrow harvest are not feasible or are not expected to promote fusion.

The Oxford Meniscad Unicompartmenta Knee Phase 3, manufactured by Biomet, was
approved April 21, 2004. The deviceisindicated for use in patients who have osteoarthritis or
avascular necrosis limited to the media compartment of the knee and intended to be implanted
with bone cement.



Two human deminerdized bone matrix (DBM)-based bone void fillers were gpproved
this soring: The Exactech Resorbable Bone Paste was approved February 27, 2004, and the
Wright Allomatrix Putty was approved March 5, 2004. The Kyphon KyphX Bone Cement,
polymethylmethacrylate cement for pathologicd fracture of the vertebra body, was approved
April 1, 2004.

Redlassfication of the interbody fusion devices (cage) was discussed at the December
2003 Pand mesting. The agency is currently drafting a specia controls guidance document and a
reclassfication proposed rule for the device.

OPEN PUBLIC HEARING

Ms. Scudiero read the agency’ s statement on transparency of the device approva process.
She noted that seven patients and family members wrote to FDA requesting approva of the
Charité disc. In addition, the agency received abstracts of two presentations that took place
during the Spine Week 2004 mesting this week. One abstract contained informationon
complications related to cage devices, and the other was a case report of problems related to
polyethylene wear debris.

Steven Kurtz, Ph.D., Exponent, Philadelphia, presented aretrieva andysis (funded by
Medtronic Sofamor Danek) on an explanted Charité disc. It showed that low levels of oxidation
were measured at the surface, but they were not associated with a reduction in mechanica
properties. Surface damage was observed, but the direction of cracks was not associated with
magnitude and didtribution of oxidation. Regions of high-tensile stressin the modd
corresponded to observations of cracking and rim damage.

John Peloza, M .D., a spine surgeon in Texas and an investigator for the Maverick Totd
Disc Replacement device, stated that the Charité total disc replacement device raises clinicdl,
materids, fixation, and kinematicsissues. The U.S. trid produced superior clinical outcomesto
the BAK control, but published studies show reoperation rates of 5 to 20 percent and
complications in more than 10 percent of the cases. In no joint replacement has ultra high
molecular weight polyethylene (UHMWPE) stood the test of time for 40 years, UHMWPE
degradation can cause severe inflammatory reactions that lead to bone-meta loosening. In
addition, fixation is not adequate and will predictably fal. The implant in the U.S. study has no
porous coating for bony ingrowth, so the implant is susceptible to loosening, subsidence, and
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migraion In addition, there are reports of didocation. The best results are attributed to surgeon
skill and expertise; thiswill not be sustained if the device is approved. Moreover, even if the
implant is perfectly placed without fixation complications, its location places increased force on
the facet joint, leading to facet degeneration. The concept of a posterior fusion to rescue afailed
implant is not likely to work predictably. Most implants will need to be removed using an
anterior gpproach, which is potentidly life threstening.

David W. Pally, Jr., M.D., Professor and Chief of Spine Surgery, Univer gty of
Minnesota, said that disc arthroplasty technology represents aparadigm shift in thefidd's
expectations of spind implant performance. Failures of the discs, however, will present
sgnificant revison chdlenges. Implanting surgeons must understand the potentidly life
threatening difficulties associated with revision procedures. Theidea of joint regigtries has
appeal: The Swedish joint registry has been hdpful in early identification of problems. In the
U.S., however, HIPAA condraints make prospective data collection difficult. The implantation
of the device mug be trained for intensvely, and lessons learned must be disseminated widdly.

SPONSOR PRESENTATION

Bill Christianson, Vice President, Clinical and Regulatory Affairs, DePuy Spine,
Raynham, M A, introduced the sponsor presenters and noted that several consultantswerein
attendance. The Charité disc has been available in Europe since 1987.

Paul C. McAfee, M.D., Towson Orthopedic Associates, summarized the history of the
device design. The uncoated version has a 16-year track record. He described the rationde for
the design and its biomechanics, noting that the device has five sizes of footprints to maich the
norma spine. A review of adverse event reports reved s infrequent complications: one case of
ogeolyssin Audrdia, and one case of fractured UHMWRPE in Europe. These are technical
complications, not problems inherent in the device itself. The one device that fractured at 9.5
years was successfully revised.

Published reports (Lemaire 2002, Rachis 2002, and David 2000 and 2003) on more than
315 patients with at least 12 months of follow-up indicate generdly good results. Surgeon
experience isimportant in successful outcomes. The U.S. study has received the benefits of
worldwide refining of the device sindications. The device design mimicsthe motion of an intact
disc. Most long-term data is with uncoated end plates, and FDA wanted a study on the most
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recent design with the most experience, so that is the device under review. Minima adverse
events have been reported. Specialized surgicd training is required, and appropriate patient
sectionisvitd.

Bryan W. Cunningham, M.Sc., Director, Spinal Resear ch, Union Memorial
Hospital, Baltimore, M D, summarized the mechanica testing and wear Smulation, in vitro
biomechanica modding, and in vivo animd modding. The submitted preclinicd testing includes
the preliminary testing before 1994 and the FDA'’ s recommended supplementary testing
following ASTM draft stlandards WK 453 (dtatic and fatigue testing) and WK 454 (wear debris
testing). The mechanicd testing found that the Charité disc has high compressive strength
properties to address physiological demands and provides sufficient resistance to permanent
compressive deformation under prolonged fatigue loading conditions. The device provides
aufficient fatigue strength for the intended use. It generates low levels of UHMWPE wear
particles compared with other joint arthroplasty devices.

In vitro biomechanica modding quantified the multidirectiond flexibility properties of
the Charité device compared with interbody cages and pedicle screws plus cages. The Charité
disc outperformed the two other devices in the percentage of axid rotation, flexion/extension,
and laterd bending that remained compared to an uninstrumented functiona spind unit. The
device reestablishes kinemeatics to the operative functiona spind unit.

Cadaveric and functiond anima studies found that the disc restored motion at the
operative level. No evidence of an acute neurd or systemic histopathologica response due to
wear debris was found in either the functiond anima study or the rabbit neurotoxicity study,
athough the latter udy did find granulation tissue and a chronic higtiocytic reection.

Scott Blumenthal, M.D., Texas Back Institute, lead investigator, presented the dinica
results. The data show that the Charité disc is safe and effective and at least as good as anterior
lumber interbody fuson (ALIF) with the BAK cage. The dinicd study was arandomized trid
invalving 15 U.S. centers, each of which had 5 training cases. Petients were randomized 2:1, and
target enrollment was 194 Charité disc cases and 97 BAK cage cases; 75 caseswere training
cases. The noninferiority study compared the safety and effectiveness of the Charité disc to ALIF
with BAK cage for trestment of Sngle-leve DDD.

Dr. Blumenthd listed the key indusion and exclusion criteria and reviewed the proposed
indication for use. Primary endpoints were Oswestry Disahility Index (ODI) improvement of =25

Page 6 of 635



percent from basdine to 24 months, no additiond surgery at the treated level, no mgor
complications (defined as mgor vessd injury, neurological damage, or nerve root injury), and
maintenance of neurologica status from basdine to 24 months. All four criteria had to be met for
apaient to be consdered a success. Secondary endpoints included ODI score, pain measured by
the VAS, the SF-36 score, change in disc height, device displacement, range of motion, duration
of hospitaization, and patient satisfaction.

Methods to minimize bias included vaidated patient sdlf-report questionnaires,
independent review of neurological results and radiographs, and assigning trestment the day of
surgery. The sponsor chose BAK cage as the optimum control group in consultation with FDA,; it
was the accepted state-of-the-art technology at the time. The surgica approach was the same,
and morbidity was smilar. At dl intervds, follow-up was >90 percent. The patient
demographics did not differ significantly except that the BAK group had higher BMI and lower
preoperative activity level than patients receiving the Charité disc.

In an andyss comparing al randomized patients (205 Charité disc and 99 BAK cage),
the Charité disc and BAK cage had similar adverse event profiles. Few device-related adverse
events occurred in ether group. Five Charité disc patients experienced device displacement or
migration; four remained stable and in place, and one required additiona fixation. Charité disc
patients had lower revision rates than BAK cage patients. The sponsor concluded that the Charité
disc is safe compared with BAK cages.

Dr. Blumenthd then reviewed the effectiveness data, focusing on the intent to trest
population (182 Charité disc patients and 85 BAK cage patients), which excludes subjects not
complete through 24 months. Results for range of motion and disc height were comparable. Pain
relief was better in Charité disc patients than in BAK cage patients, and the percentage of
nonresponders was Similar or lower than that reported in prior literature for dl treatment
modalities. No evidence implicates facet joints. Mean ODI, VAS, and SF-36 scores were
comparable in both groups. The Charité disc outperformed BAK cage in patient satisfaction
Radiographic results showed near physiologic range of motion on flexion and extension for
Charité disc and good maintenance of disc height. No device displacements occurred in the BAK
cage group, but five occurred in the Charité disc group. Heterotopic ossification occurred in 6
Charité disc patients at 12 months and 11 patients at 24 months. The Charité discis at least
equivaent to the BAK cage.
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Looking at the entire randomized population, 62 percent of Charité disc patients and 49
percent of BAK cage patients showed = 25 percent improvement in ODI score, which was a
satigicdly sgnificant difference. VAS scores for pain favored the Charité disc group at 6
weeks, 3 months, and 12 months; SF-36 scores and patient satisfaction favored Charité disc.

Training cases had longer surgery duration and a higher rate of adverse events, but they
generaly outperformed the study patients on measures of pain and the ODI. The sponsor
concludes that the device is effective.

George DeMuth, M.S,, Stat-Tech Services, LLC, presented an overview of the
datistical issues. He noted that FDA had pointed out that the sponsor had not conducted a
sengtivity analysis for the different patient group comparisons. The sponsor’s subsequent
sengtivity analyss showed results well below the required 15 percent threshold; the results
strongly support the noninferiority daim.

Bill Christianson described the sponsor’ s proposed physician training program, which
will take place in coordination with the Spine Arthroplasty Indtitute in Cincinnati, OH. New
userswill atend the training before digtribution of the device. The primary training will be
augmented by geographicaly dispersed regiond training centers. Thetraining will consst of 12
modules that include hands-on training. The course will be provided using written and CD-based
versons of the module.

FDA PRESENTATION

Sergio dedd Castillo, biomedical engineer, Orthopedic Devices Branch and lead
reviewer for the Charité Artificid Disc PMA, described the device and presented the FDA's
preclinicd review. The device for which the company is seeking approva contains only
uncoated endplates. Because the sponsor aready summarized the mechanica testing that was
conducted, he did not elaborate on the testing any further but noted that athough the mechanica
testing results appear to represent the expected physiologica oads and range of motion, the
correlation of these resultsto the clinica performance of the device is not known. He deferred to
Dr. Graham' s presentation for an account of the wear debris testing.

Mr. de del Cadtillo then presented the agency’ s dinicd review. The purpose of the
sponsor’ s study was to evauate the safety and effectiveness of the Charité disc and compareit to
the BAK cage. The study sought to demongtrate that the Charité disc performed at least as well
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asthe BAK cage within a noninferiority margin, or ddta, of 15 percent. Although the BAK cage
may be implanted using either an open anterior or posterior gpproach, for the purposes of the
study, al control subjects were implanted with the BAK devices only with an open anterior
approach. The Charité device isimplanted using only this approach.

The proportion of Charité disc and BAK cage subjects experiencing at least one adverse
event was essentidly equa. However, some adverse events were reported for a higher
percentage of Charité disc subjects than BAK cage subjects, including infection, abdomina
events, device-related events, and severe or life-threatening events. In addition, 7.3 percent of
Charité disc subjects experienced device-related adverse events, compared with 4.0 percent of
BAK cage subjects. A greater percentage of Charité disc subjects than BAK cage subjects
experienced back or lower extremity pain; neurologica events, such as numbness, motor deficit,
or nerve root injury; and additiona surgery at the index level. The rate of adverse events was
higher in the training subjects group than in the randomized subjects, afinding that may be
atributed primarily to the dightly higher rates of prosthesis-related events and additiona
surgeries a the index leved. The training subjects were not included in the assessment of safety.

The agency’ s assessment of the primary and secondary endpoints was based on the
“Completers’ group, a subset of dl randomized subjects who were evauated at the 24-month
time point. The group contains 86 percent and 79 percent of al randomized Charité disc and
BAK cage subjects, respectively. The success rates for the Charité disc and the BAK cage groups
are 64 percent and 58 percent, respectively. Although these rates differ dightly from what the
company presented, the success rate is within a noninferiority margin, or delta, of 10 percent of
the BAK cage successrate. The study has therefore demondtrated the noninferiority of the
Charité disc to the BAK cage. The only component where there is a statistically observed
difference between the two study groupsisthe ODI score.

Because one of the principle theoretica advantages of disc replacement devicesisthe
preservation of segmental motion, FDA considered the corrdation between success and range of
motion observed. FDA compared success and failure rates a 24 months for Charité disc subjects
with their range of motion data. Subjects experiencing range of motion in the 5 to 7 degrees
range were more likely to be successful than subjects experiencing different ranges of motion.

However, the association of range of motion with successis not datigticaly sgnificant.
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In summary, the Charité disc demonstrated noninferiority to the BAK cage with respect
to the primary endpoint. The numbers of adverse eventsin the Charité disc and BAK cage
groups was equivaent, with a higher rate of incidence in only afew categories for the Charité
disc group. The Charité disc was able to maintain pain and function out to 24 months. Some
subjects reported only some pain relief; and afew experienced no change or an increasein pain.
Findly, it isunclear how range of motion isreaed to the clinical outcomes, if at dl.

Jianxiong Chu, Ph.D., M.A.S,, statistician, Division of Biostatistics, provided the
agency’ s datigicd summary. After reviewing the study methodology and results for the primary
and secondary endpoints, he noted that excluding patients biased the results. The BAK cage
group had a high proportion of noncompleters who were excluded from the ITT analysis. All the
sponsor’ s claims of the Charité disc's superiority to BAK cage with respect to the secondary
endpoints were based on the unadjusted P vaues without a prespecified plan to control the study-
wide Type| error rate. To demondirate that the Charité disc provides a benefit a an earlier time
point after implantation than BAK cage, time to sustained benefit should be compared between
the two groups. The satistical andlysis provides evidence that Charité disc is a least as good as
BAK cage (usng anoninferiority margin, or delta, of 10 percent), except under the wordt-case
scenario. However, the sponsor’ s senditivity analyses may be biased againgt the control BAK
cage group. No forma claim regarding secondary endpoints should be made without multiplicity
adjustment to control the study-wide Type | error rate. Adverse events might be under reported
in the current submission. The most recent data, including discontinued and overdue patients,
need to be submitted and analyzed.

Jove Graham, Ph.D., engineer and reviewer, CDRH, presented data on testing and
evauation of wear debris. It isunknown what the biologica response to wear particles of the
Sze generated by the device will bein the human spine. No spindl disc literature or data exist for
direct comparison, and limitations exist to what clinica conclusions can be brawn by comparing
pind disc testing to hip or knee replacements. The average wear rate is 0.11 mg/mc; the wear
debrisis mostly submicron, and the average diameter is 0.21 to 1.49 um. The weear rate issmaler
than for most reported wear rates for hip and knee replacements. Particles of UHMWPE
implanted into the spinal region can cause epidurd fibrosis, macrophage reaction, and transent
upregulation of IL-6, and particles of the same sze can dicit different reactions in different parts
of the body. No reactions specific to spinal cord or cerebrospina fluid were seen. Preclinical
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testing has done a good job of characterizing wear behavior of the device. However, we cannot
establish the safety and effectiveness of a spind device by comparing preclinical results to hip or
knee devices, and we cannot validate results of any wear test Smulator until we have explanted

retrievas for comparison Wear-induced osteolyssis along-term complication that may not be
observed until 10 or 15 years of follow-up.

PANEL PRESENTATIONS

John S. Kirkpatrick, M.D., clinical pand reviewer, summarized the gods of and
principles underlying disc replacement and examined how well the literature has dedlt with those
principles. He then discussed how the PMA addressed those principles. He noted that normal
unconstrained motion has been studied using cadaveric modes, motion profiles, and testing
before and after disc placement. Anterior column support and norma biomechanics, especidly
asto how the facets are affected, are not thoroughly addressed in the literature. The PMA should
be commended for its extensive report. The mohility data were unconvincing. Anterior support
was well demondgtrated in the PMA.

Wear datato 10 million cydes were presented, but the literature usualy reportsto 50
million cydes. 1t would have been good to have coupled flexion/extension with lateral bending.
It is unclear whether the testing caused debris, the specimens contained grooves in the line of the
motion direction. Other issues included incomplete data on osteointegration, heterotopic
ossfication, and facet degeneration and alack of clarity asto the sponsor’s measure of
neurologica datus. Stratification among indications groups may have improved understanding
of reaults. The follow-up intervals were well defined, but they may not have been of adequate
length. The sponsor has failed to demonstrate absence of adjacent segment degeneration. In
addition, it isnot clear that 50 percent of a representative range of motion is* near physiologic.”

Brent A. Blumenstein, Ph.D., pand statistical reviewer, sated that he basicdly agreed
with the FDA statistica review. The sponsor’ s andysisis flaved; even so, the product appearsto
meet noninferiority criteria. The god isto identify the best characterization of the noninferiority
outcome. The term “intent-to-treat” isinaccurate and should be “andyss-by-arm’”; likewise, the
term “data set” is preferable to “population.” The sponsor’ s definition of the ITT populationis
incorrect because it deletes randomized patients; the FDA datistician dso made this point.
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Dr. Blumengtein presented a brief overview of randomized controlled trid principles,
emphasizing that deletions from arms erode stochastic equivalence. Deletions based on post
randomization events are particularly onerous because they are more likely related to the
intervention, such as sde effects or intervention implementation issues. The primary outcome
should be defined for al possible contingencies. The trid’ s quantitative measures are therefore
problematic.

A lower sgnificance leve for the fina andys's should be considered. Correction for
interim andyss would decrease find criterion to just under 0.05. The andyss-by-am meetsthe
noninferiority criterion (Charité = 55.6 percent, BAK = 45.5 percent) using the Blackwelder test
(p < .0001). The 90 percent Cl is0.1to 20.2.

The bottom lineis that the sponsor demonstrated success under al canonica analyses.
Senstivity testing demonstrated success under al but the wordt-case scenarios. Were theftria to
be designed today, it would be important to look hard at afalure time primary endpoint (e.g.,
falure-free survivd). Thetrid would capture time and handle missing data better.

PANEL DISCUSSION

Panel members asked the sponsor for darification as to the learning curve, factors
underlying revisons, methodology for determining the alosence of wear debris, retionde for the
6-month sacrifice point in the baboon study, type of polyethylene being used in the device,
likelihood that the devices will last for 40 yearsin younger patients, impact of the device on

adjacent segment disease, indications for anterior revison, and center of rotation of the device.

Question 1: Please comment on theresults of thewear debristesting and particulate analysis.
The panel agreed that the testing was adequate, but members expressed severd concerns,

including the need for data on aged specimens. The sponsor may be able to provide data from
total joint replacements. Another concern was that the disc may turn into a synovid-like device
after the procedure, and long-term follow- up—more than 2 years—may be necessary to see the
effects of wear debris. Other concerns included the possibility for cracks and fragmentation and
the possible long-term response of nerve tissue to chronic inflammetion.

Question 2: Please discussthe clinical significance of non-device-reated pain, wound infections, device-
related additional surgery at index level and any other adverse eventsseen in thetrial.
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The complication rate was surprisingly low. Although non-device-related pain complications and
infections seemed higher with the Charité device than with BAK , and additiona surgery was
four times that occurring with BAK, the device is amoving device and more prone to failure, so

the comparison may not befair.

Question 3: Please comment on theinterpretation of [the pain rélief] findings.
The pand concluded that because pain is subjective and difficult to assess. In addition, the

Charité group was more active and had lower BMI.

Question 4: Please comment on the sponsor’sclaim that the Charité permits“near physiological movement
with up to 15 degreesbending in flexion/extension and a similar degree of lateral bending and axial rotation
tothenatural disc.”

The pand bdlieved that the flexion and extension results obtained with the Charité device were
within the norma range, but the results do not include rotation. The link between range of

motion and clinica improvement shows atrend, but it was not demonstrated.

Question 5: Dotheclinical datain the PM A providereasonable assurancethat the deviceis safe?
The panel concurred that over the study period, the device is safe. Questions on long-term safety,

i.e., longer than 24 months, remain.

Question 6: Do theclinical datain the PMA providereasonable assurancethat the deviceis effective?
The pand concurred that the device is effective.

Question 7: 1f you recommend approvability for thisPMA, do you recommend a post-approval sudy? If so,
please discuss what types of endpointswould be useful for an updated labd and recommend the dur ation of
such a study.

The pand agreed that post approva follow-up is necessary. Dr. Kirkpatrick provided alist of
suggested endpoints, many of which were incorporated into the panel’s recommended conditions
of gpprova. Many questions can be answered with existing data. Panel members recommended
examining European data and thought 5 years of follow-up was appropriate.

OPEN PUBLIC HEARING

Stephen Hochschuler, M .D., Chair, TexasBack I nstitute, and a board member of the
Spine Arthroplasty Society, read a statement of the society’ s position on educationd and training
godls for spine surgeonsinterested in new arthroplasty technologies. Comprehensive forma
training should be followed by proctorship & the training surgeon’s hospital for his or her first
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casx(9). This gpproach offers significant long-term advantages for patients, surgeors, industry,
and hospitals. The society intends to develop guiddines for educationa programs and identify
training centers with adequate facilities and saffing who can provide proctorship. Certification
only verifies that the surgeon has completed training,

Dr. A. van Ooij, Maastricht, Netherlands, presented data on complications of the
Charité disc prosthesis in 49 patients. Numerous early and late complications occurred in the
group, including anterior migration, facet joint degeneration, subsidence, subluxation, breakage
of the metd wire around the core, and degenerative scolioss. Most patients who had additiond
operations had pogterior fusons without removing the prosthesis. The mafunctioning prosthesis
continues to cause pain. Good placement and szing seems difficult; even patients with good
surgery had problems. The center of rotation of the Charité disc istoo anterior and isnot like a
normd disc. Wear will be aproblem in the future. Revison is dangerous and sometimes
impossble, and the claim of preventing adjacent disc degeneration is not substantiated.

Pamela Adams, Orthopedic Surgical Manufacturer’s Association (OSMA), reviewed
the regulatory definitions of safety, effectiveness, and vaid scientific evidence. She emphasized
that the standard is reasonable assurance, baancing benefits with risks.

FDA SUMMATION

Dr. Witten clarified the difference between a condition of gpprova and a not-agpprovable
recommendation. She also darified thet it is the agency’ s option as to whether to take the PMA
back to panel in the future.

SPONSOR SUMMATION

Sponsor representatives noted that the company had conducted a 24-month randomized
controlled trid in accordance with FDA'’ s guidance document. Long-term follow-up from
Lemaire and David provides vaid scientific evidence. Post approval studies are an appropriate
and accepted means to develop long-term safety data, and the company is amenable to a 5-year
follow-up study. However, wear testing to 50 million cydes is excessive. The testing dready
submitted represents 80 years of sgnificant bends while lifting 20 kg. The device has been on
the market since 1987 and is fully bio-mechanicaly characterized. A robugt clinica study
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demongtrated safety and effectiveness. The sponsor requested that the pand recommend

approval.

VOTE

Ms. Scudiero read the three voting options. Thefirg panel motion was for not approvable; this

motion was voted down, Six againgt disgpprova and two for disapprova. The second motion

was for approva with conditions. The panel voted unanimoudy to recommend approva of the

device with the following conditions

1. The sponsor should continue to follow dAl patients enrolled in the IDE study until the last
enrolled subject reaches the 2-year time point.

2. All patientswho are tregted with the Charité disc should be provided with documentation of

the name of the device, the device' s serid or lot numbers, an identification number, the name

of the surgeon, where the surgery took place, the date of surgery, and a telephone number for

reporting adverse events.
3. The sponsor should collect additional data on wear debris. Wear debris testing should use
combinations of flexion/extenson and laterd bending motions (without axid rotation) to 10

million cydes
4. FDA should require that the company make training available with the understanding that
certification will be left to sate licenang boards and credentiaing committees.
5. FDA and the sponsor should discuss the following conditions of gpprova to cometo a

mutualy agreeable course of action. This discusson will consder whether each item should
be addressed pre- or post market:

a. Provide mobility testing data or complete references.

b.

C.

d.
e.

Provide arationde for “norma biomechanics,” including demondiration or data that facet
joint straing/stresses are comparable to those of the control group patients.

Provide an adequate rationae for not testing the biologica response to submicron
UHMWPE wear particles.

Clarify the neurological grading scae and how statistics were applied to that measure.
Stratify results by indication group, especidly for the two groups with facet joint changes
in preoperative sudies, into both fusion and disc replacement groups.

Define patients with range of motion of 0 to 5 degrees dueto loss of disc functionas
falures

Congder whether it is appropriate to use axid imaging to compare preoperative facet
degeneration and degeneration a 24 months.
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h.  Provide radiographic evaluation of adjacent segment degeneration at the preoperative and
24-month time points, as well as through the time period described in Condition #1.

POLL

When asked to explain the rationde for their votes, pand members generdly indicated
that they believed the sponsor provided sufficient data to assure the members of the device's
safety and efficacy. The pand’ s concerns were dlayed by the conditions of gpprova.

ADJOURNMENT

Drs. Y aszemski and Witten thanked the participants, the panel, and the sponsor. Dr.
Y aszemski adjourned the meeting at 5:22 p.m.
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CALL TO ORDER

Executive Secretary Janet L. Scudiero, M.S,, called the meeting to order at 8:01 am.
and announced upcoming tentatively scheduled meetings. She stated that Marcus P. Besser,
Ph.D., Chall W. Kim, M.D., Ph.D., Michael B. Mayor, M.D., and Jay D. Mabrey, M.D., were
gppointed to temporary voting status for the duration of the meeting. She then read the conflict of
interest statement. Full waiverswere to Drs. Kim and Mabrey for ther interestsin firms that
could be affected by the pand’ s recommendations. The agency took into consideration certain
matters regarding Drs. Finnegan, Kim, Kirkpatrick, and Mabrey, al of whom reported current or
pest interestsin firms at issue but in matters not related to the day’ s agenda. They could
participate fully in the pand’s ddiberations.

Panel Chair Y aszemski noted for the record that the panel members present condtituted a
quorum and stated that the purpose of the meeting is to provide recommendations to the FDA on
an OSMA-initiated reclassfication proposd to reclassify mobile bearing knee (MBK) joint
prostheses and on a draft hip guidance document submisson (GDS) on performance criteriafor
hip joint prostheses. Thisis the first industry group—prepared GDS.

OPEN PUBLIC HEARING

Ms. Scudiero read the FDA’ s statement on transparency of the device approva process.
She dso noted for the record that the American Academy of Orthopaedic Surgeons had sent a
statement to the agency expressing support for reclassfying MBKsinto class .

Stephen J. Peoples, V.M .D., M .S., Worldwide Vice President, Clinical and
Regulatory Affairs, DePuy, stated that the sponsor clams that strong evidence exigts for the
safety and effectiveness of MBK s However, the petition falls to judtify a genera reclassfication.
Mogt literature presented involves asingle MBK design, the LCS. The Accord MBK design had
amost a 50 percent fallureratein clinica use.

The petition presents limited data.on a limited number of desgns. Large variation exists
in the revison rate from design to design. IDE data are included in the review, but most sudies
involve short follow-up in smdl populations. No data are provided on 63 percent of the MBK
desgnsidentified in the petition. The sponsor’s proposed special controls do not address issues
involving polyethylene wear and kinematics, induding femorotibia stability and “spin out.”
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The petition under consideration reviews a sngletotal MBK and asingle MBK
unicompartmenta device that the petitioners claim represents safety and effectiveness of MBK
designsin generd. Minute design differences affect device function. The petition does not meet
the requirements for reclassification.

John Fisher, Director, Institute of Medical and Biological Engineering and Pro-
Vice-Chancellor, University of L eeds, United Kingdom, noted that not al MBKs are the
same. MBKsare complex systems. Motion at individua wear interfacesis design dependent and
cannot be predicted from whole joint kinematics. Evidence increasingly indicates that lower
contact stresses and larger wear areas increase surface wear and wear debris; however, that is not
the case inthe LCS model, which has unidirectiona motion and much lower wear than fixed
bearing knees (FBK's). MBK s are prone to scratching and third-body damage, particularly on the
tibid interface. Clinical and laboratory studies show that debris from fixed- bearing kneesis
larger and less reactive than debris from hips. It is speculated that MBK debris is more like hip
debris. Thismay be the case for multidirectional designs due to cross-shear, asfound in hip and
fibril/particle fragmentation; research, however, has shown that unidirectiona motion produces
larger less reactive debris.

With regard to whether wear questions can be addressed through preclinical smulator
tests, two standards for knee smulators exist: force control and displacement control. Results
have been mixed in comparison of MBK s and FBK s. Results are desgn and test-method
dependent. McEwen developed a special combined force and displacement controlled testing
mode for rotating platform (RP) mobile bearings, but it is not an SO standard test and is not
available in other smulator systems. Wear volume cannot be easily determined from dinical
measurements. Not al MBKsare dike, and the impact of their many design varigblesisnot
understood. The reclassification petition does not address the effects of the design variables on
the performance of MBK s. The special controls proposed the petition (currently used for class||
FBKs), therefore, cannot ensure that the various designs of MBKs are safe and effective.

Douglas Dennis, Adjunct Professor, Department of Biomedical Engineering,
University of Tennessee, stated that the reclassification petition assumesthat dl avalable MBK
desgnswill demondrate smilar efficacy and safety. MBK's, however, differ in undersde motion
patterns, and they have a potentia for premature wear and periprosthetic osteolysis from

increased underside wear. The wear debris created with an FBK islarger and less reactive than
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that created with MBKSs, creating the potentia for more osteolysis. In addition, multidirectiond
motion accel erates UHMWPE wear. Minor differencesin kinematics can produce major
differences in wear magnitudes. Long-term dinica results of multidirectiond wear desgns are
not yet available. The FDA should proceed with caution in grouping dl MBKsasclass |
devices.

CrisRuddlesdin, FRCS, Consultant Orthopaedic Surgeon, Barndey District
General Hospital, UK, described his experience with the Rotaglide roteting/gliding MBK . The
device has been on the market since 1988 and more than 20,000 have been implanted worldwide.
He hasimplanted the MBK in 119 patients since 2000; average length of follow-up is2 years. In
those patients, one gross didocation occurred. Data from other patient cohorts show various
complication rates. To avoid certain complications, correct ligament balancing and correct
flexion/extension gaps are importart, whether the device is fixed or mobile. Thereisno
difference in the levd of difficulty to implant afixed or MBK. Insert didocations are not a
clinica issue, and gross didocations are not hgppening at a significant rate. Whether the kneeis
fixed or mobile bearing, the find arbiter to a good fit is the surgeon’ stactile fed during trid
reduction.

Tom Ferring, M .D., an orthopedic surgeon from Charlotte, NC, and consultant for
DePuy, expressed concern about the potentia for wear debris with new MBK designs. Itis
counter intuitive to conclude that avariety of new MBK designs are equivaent to proven
designs. In orthopedics, we rarely see failures before five years. New MBK implants must be
reviewed with standard scientific methods.

Barry Soros, M .D., an orthopedic surgeon, Little Rock, AR, stated that he was an
origina dinicd investigator for the LCS knee. The patients were served well by that IDE. In his
experience, more than half of complications patients experience are due to surgeon technical
errors. MBK s have a steep learning curve, so the IDE/PMA processis good for patients.

David Fitzpatrick, biochemical engineer, University College, Dublin, focused on the
issue of specid controls. It is clear that outcomes are dependent on management of soft tissues
and operative technique. Postoperative gability is critica. The clinicd higory of MBKs shows
that revison is acommon outcome. Preclinica tools do not have the ability to predict clinica or

kinemétic performance.
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INDUSTRY PRESENTATION—OSMA

Toni R. Kingdey, Ph.D., Warsaw, IN, explaned OSMA'’s purpose and stated that the
association is requesting reclassificationof MBK devicesfrom class 1l into class 1. The petition
requests reclassification of total and unicompartmental MBK sboth cemented and uncemented.
MBK s have been on the market for 25 years and now represent the third generation of devices.
Forty-9x designs are available worldwide; Sx designs are approved inthe U.S. FDA asked that
the reclassification petition address dl MBKS, rather than just subcategories. The petitioner
contended that MBK sand FBKs do not differ in clinica performance, and that thedinicd
performance of the various MBK designs and surgica techniques are the same.

James B. Stiehl, M .D., Clinical Associate Professor of Orthopaedic Surgery, Medical
College of Wisconsin and Columbia and St. Mary’ sHospital, Milwaukee, W1, summarized
published and unpublished clinicd data on MBKs. The unpublished data are from OSMA
companies supporting the petition and come from IDE trias or internationa clinical outcomes
studies. The published data are from a comprehensive literature review from 1997 to duly 2,

2002, and selected review articles. The literature suggests that MBK devices perform smilarly to
well-designed FBK devicesin survivorship and clinica function. Current IDE and internationa
outcomes studies suggest that other MBK designs are dlinically successful and comparable to
fixed bearing designs. Ogteolysis and patdlar complications are minima. The potential benefit of
this technology isimproved long-term dlinical performance and longevity.

Peter S. Walker, Ph.D., New York Medical Center, New York, NY, aknee designer
for Stryker and Zimmer, reviewed the risks and proposed special controls. Of tens of thousands
of MBK knees, there are only about 385 MDR reports. The most common adverse events are
pain or swelling, bearing fractures, loosening, and meta/poly separation. Other known risks
include didocation and subluxation, and wear may be a concern.

All design features were evauated for the MBK sreferenced in the petition, and each
knee was assigned to one or more MBK type (multidirectiond platform, meniscd bearing, etc.).
The potential biomechanica advantages and disadvantages were determined for each mobile
bearing type, and they were used to establish the associated risks. Findly, specid controls that
addressed each risk were determined and listed for each mobile bearing characterigtic (e.g.,
platform, menisca bearing, rotational stops, and congruency).
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The risks and specia controls were divided into two groups. (1) risks and specid controls
that are common to FBK sand MBK s and for which there are no specia issues rdated to MBK
design features and (2) risks and specid controls that have specific congderations when gpplied
to MBK s as compared with the same specia control applied to FBK's. Current ASTM and 1SO
standards could be modified for MBKSs.

In summary, MBK risks are well understood and are smilar to FBK s risks. Special
controls (guidance documents, ASTM and 1SO standards, regulations, etc.) for these risks either
exist and are commonly used in industry or can be adapted for any unique characteristic of a
gpecific mobile bearing design. A new FDA specid controls guidance document that describes
each test and test parametersis needed. OSMA bdlieves that specia controls, when combined
with the generd controls, will be sufficient to provide reasonable assurance of the safety and
effectivenessof MBKs.

Greg Maidin, M.S., M.A., Biomedical Statistical Consulting, Wynnewood, PA,
described the methodology of and results from a metandyss of data. Randomized dlinicd trids
comparing MBKsto FBK s are largdy not available in the literature, so methods of meta-anadyss
appropriate for observationd studies were used. Two meta-anayses were performed: (1) dlinica
outcomes and (2) implant survivd.

Good evidence indicates that survivd issmilar for MBKsand FBK s. The variahility in
implant surviva was smilar to the varigbility in revison ratesin sets of FBK s that were studied.
The most important consequence of wear is increased revision rates, and the revison rates of
MBK s can be predicted from fixed bearing counterparts.

The meta-andyss found that the MBK s and FBK sare smilar in both effectiveness and
aurvivd. MBK characterigtics (e.g., cemented vs. non-cemented) did not demondtrate sgnificant

differencesin dinical outcomes or implant survival.

FDA PRESENTATION

Peter Allen, reviewer, Orthopedics Devices Branch, presented an overview of the
device reclassfication process. Specid controls guidance documents are created by FDA to
describe acceptable methods for contralling the risksidentified for agiven device type. They
convey FDA’s current thinking about a specific device type and provide recommendations on
how to address the issues presented in the specia controls guidance document. A company need
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only demondtrate that its class |1 device meets the recommendations of the pecia controls
guidance document to receive FDA clearance for marketing. MBK s are postamendment class 111
devices, and they require an approved PMA prior to marketing. FDA has approved three MBK
PMAs. Oneisfor atotd MBK device, and two are for unicompartmental MBK ' devices.

This petition is split into two groups of MBK designs. The first conssts of a“totd” knee
design, which contains patdlla, femora, and tibid components and isintended to replace the
entire knee joint. The second conssts of a unicompartmenta design; it contains only femord and
tibid components and is intended for replacement of elther the medid or laterd compartment of
the knee. Both device types are available in amultitude of design variations. Many variables can
affect the design of atotad MBK. The reclassification of the currently approved devices would
potentidly provide for the reclassfication of these various design variables, many of which are
incorporated into the currently approved devices. Although much fewer in number, various
combinations of design variables can aso go into the development of unicompartmenta knee
devices. Mr. Allen reviewed the proposed indications for use for the total and unicompartmental
MBK devices.

OSMA included abibliography of more than 230 published references in support of the
preclinica and dinical issuesin this petition. The preclinical issues addressed include evaluation
of device kinematics, wear of the mobile bearings, and device biomechanics. The sponsor
summarized clinica dataon a series of 48 studies; data presented for each study included study
design, demographics, safety, effectiveness, and survivorship. Most studies focused on devices
dready approved for usein the U.S. (i.e., the LCS and Oxford MBK devices). The data
underscore the strong influence of the technica performance of the operation on the long-term
success of aknee device. Properly aigned knee replacements that have restored ligament balance
appear to have surviva rates of 10 years or grester, irrespective of bearing mobility. The data
indicate that when provided with medid-laterd stabilization, MBK s provide equivaent results to
FBKs.

The sponsor’ s information on adverse events included data gathered from searches of
FDA’s MDR program, reports from the published literature, and data from various
manufacturers from their FDA approved dlinical trids. Mogt of thisinformation reatesto the
DePuy LCS devices and the Biomet Oxford unicompartmenta devices. The MDR reportsin
particular relate specificaly to the DePuy LCS devices. The three most common adverse events
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cited in the MDR database for the LCS knee were pain (with swelling), fractured bearings, and
loosening, respectively. The patient-related adverse events are fairly typicd of the type of events
one might see with any tota joint replacement procedure, and the device-related adverse events
are conggtent with the types of complications often seen with FBK's. However, there appears to
be a tendency to see agreater number of bearing didocations, subluxations, and impingement
with MBK's. OSMA has proposed using ASTM and |SO standards, as well as andardsin
exigting guidance documents, to control for device-related risksincluding bearing wear, bearing
fracture, bearing didocation, bearing subluxation, impingement, instability, and component
loosening. However, these standards apply to FBK s and not to MBKs

Itswell known that successful implantation of MBK sis highly technique sengtive.
Without proper attention to soft-tissue balancing, ingtability of the implanted joint isared risk.
To minimize this risk, the sponsor suggests that specid attention be given to providing
appropriate ingructions for use of the device in the product labeling. The sponsor believes
surgeon training and detailed surgica techniques that include ingructions for proper soft tissue
balancing will provide reasonable assurance of safety and effectiveness. No specifics were given
for the recommended training, but it appears that these would be of the same type currently
provided for FBKs. This approach, along with wear testing, was recommended to control against
risk of prosthesis or soft-tissue impingement

The only risk identified as unique to unicompartmenta knees was that unicompartmenta
devices require intact anterior and posterior cruciate ligaments. To mitigate the risk of these
devices being implanted in patients without functiond cruciate ligaments, the sponsor has
recommended product |abeling and surgeon training in the proper surgica technique.

PANEL REVIEWS

Michael B. Mayor, M.D., panel clinical reviewer, said that he believes the sate of the
art is comparable for fixed and mobile bearing total knees. They provide some of the most
predictable and cost-effective interventions available. Many of the consderations regarding wear
are common to fixed and mobile bearings. Unintended motion and wear have emerged as
ggnificant factors. It isnot clear that MBK designs are a source of excessive risk with regard to
wear. Stability is another concern.
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Do these devices expose the public to unnecessary risk? The risks are being addressed.
With the means available to FDA, including performance and test sandards, literature, and FDA
evauation of devices for gpprovd, it seems prudent to recommend reclassification of MBKs In
addition, development of specia controls and appropriate guidance is needed.

Kinley Larntz, Ph.D., pand dtatistical reviewer, observed that metandyssis herd
work. Smilarity in the context of much variation is easy to achieve. It does not mean “no
difference’—it means we do not have enough evidence or thet the literature is quite scattered
and published for various reasons. The observed differences actudly are an understatement of
the variation that exigts.

The metandyses were done in a fixed-effects context. The tables show clear, Satigticaly
different variationsin, for example, the percentage of outcomes rated as “ excdllent.” However,
random components need to be accounted for in any measure of variation that is given. A true
random effects andys's would do that. The survivd andlyssitsdf appears to take no account of
individua follow-up time in sudies. It should be rdated to time, and it is unclear why it was not.
Although it was not demondrated thet thereis no differencein survival, it islikdy that it is
essentialy the same for the two types of devices. Also, no metanadlysis was done on adverse
event rates; thisis sgnificant because some of the sudies had much higher adverse event rates.
In addition, only three PMAS have been approved for the devices; that is not a big experience set.
Also, OSMA should have identified the sudiesin the metandyd's usng a numbering system or
some other means. In sum, it is hard to draw conclusions from the data presented. A lack of
ddtidicd difference does not mean that no difference exigts.

Dr. Witten clarified the god of reclassification. She stated that the designs that have been
presented are potentidly eigible for class 11. The agency would like to hear a discussion about
whether enough is understood about the ability of the proposed specid controls, such as
preclinica tedts, to predict performance (rdative safety and effectiveness) so that risks can be
controlled.

PANEL DISCUSSION

The panel discussed whether al MBK's can be treated dlike, or whether
unicompartmental and tricompartmental should be considered separately. Pand members
concurred that they should be considered separately. They noted that with the Oxford knee,
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preclinicd testing would not have caught the problems that arose during clinica use. Experience
derived during the dinicdl trid has made that device safer to use. The pandl aso discussed
whether it was gppropriate to treet all MBK s as a group because there are subtle differences
between designs. No one set of speciad controls will necessarily cover dl MBKSs. It was noted
that reclassification would apply to the devices that are currently on market and that the agency
isgood at looking a applications and determining whether a device is subgtantidly equivaent.

PANEL QUESTIONS

Question 1: Do you believethe proposed classification definitionsfor the. . . device configurations
recommended for reclassification adequately describe the devices? If not, what changesin the definitionsdo
you recommend?

The panel believed that the proposed definitions are broad and that they adequately
define these devices. Concerns include the fact that “the patellar device’ needs more clarification
as to whether it ismobile or not and asto joint loading. The definition for unicompartmentd is
broad, but it makes testing more difficult.

Question 2: Do you believetherisksto health of the following device configur ations proposed for
reclassification are adequately described? I not, what additional risks do you believe should beincluded?

The panel concurred that the completeness of risks to health with respect to
unicompartmental MBK s are adequately described. Multicompartmental knees need additiona
gpecid controls. Unicompartmenta MBKsmay need to be separated from total MBKs

Question 3a. Didlocation and subluxation of MBK components have been cited as common complicationsin
theliterature.
i. Doyou believe appropriate special controls have been identified to adequately addresstheserisks?
ii. If not, what additional controals, if any, do you recommend to addresstheserisks?
The pand dated that dthough these complications are most common, they are not

common in themsdlves. They are primarily aresult of technique errors. Controls are adequate to
identify mechanica problemsin the device itsdf to address didocation risk. Traningisa
necessity.

3b. A reduction in wear isoften cited asatheoretical advantage of MBKsover FBKs. However, thishas not
been consistently demonstrated clinically, and it isnot clear how well preclinical wear testing of MBKs
correlatesto theclinical situation. In addition, the potential for third body wear appearsgreater (duetothe
fact you have 2 moving interfacesinstead of one). Currently, the state of development of knee smulator wear

testing has not yet been standardized or clinically validated for all design types of MBKs, and ther efore may
not be applicablefor all of thevariousMBK typesidentified in this petition.
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i. Inlight of thefact that wear appearsto be, in part, design dependent, do you believe appropriate
controlshave been identified to adequately addresstherisk of wear (i.e., osteolysis, loosening) for the
various M BK designsunder consideration in this petition?

ii. If not, what additional contrals, if any, do you recommend to address thisrisk?

The panel agreed that the ability to characterize wear debris hasimproved and such

controls should be available to the sponsor. Testing should look at uni- and multidirectiona wear
patterns. New tests may need to be developed for multidirectiond wear. In the absence of a joint
smulator test, postmarket wear andysis and retrievad andyss are needed. No specia control is
adequate to test al design configurations, but 1SO and ASTM standards may establish abasdline
for these devices.

3c. Labeling hasbeen cited asa method with which to control some of theidentified risksto health. The
proposed labeling requirements ar e consistent with those generally found in current FBK package labeling.
Such labeling typically includes adequate instr uctions for use, device description, indicationsfor use,
contraindications, adver se events, precautions, warnings, a listing of compatible components, and sterility
information.
i. What additional labeling, if any, do you recommend for these M BK devices?
The pand noted that the effectiveness of the devicesis surgica technique dependent. The

implanting surgeon needs to be familiar with total knee replacement. The labding and
recommendations are appropriate. The devices should be restricted to use by people who have
been adequately trained.

3d. Do you believe appropriate special controls have been identified to adequately addresstherisksto health
for each of the above device configurations (and all *subconfigurations’)? If not, what other special controls
do you recommend to addresstherisks presented by these devices?

The panel concurred that gppropriate specia controls have been identified. The
mechanica and preclinica testing is good, and dlinica data should be included. Weer testing
should combine multiple mation modes. Uni- and multidirectional devices should be considered
separately.

4. Do you believethe data presented in this petition supportsthereclassification of:

a. All total MBK prosthesesidentified in this petition? If not, which types of total MBKsdo you believeare
inappropriatefor reclassification, and why (e.g., they have insufficient information and/or special controls)?
b. All unicompartmental MBK prosthesesidentified in this petition? If not, which types of unicompartmental

MBK’sdo you believe areinappropriatefor reclassification, and why?
The pand was not in agreement. Most believed that data supported reclassification of al

MBK devices presented in the petition, but others expressed concern about reclassifying
unicompartmenta devices, and at least two panel members opposed reclassification of both types

of devices.

CLASSIFICATION QUESTIONNAIRE AND VOTE
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The pand firgt attempted to fill out a Single classfication questionnaire for both tota and
unicompartmental MBKs. Because the pand could not reach a consensus, they then agreed to fill
out this form separately for both generic types of MBKs. The panel voted six to two to
recommend that the agency reclassify totd MBKsinto class 1. The panel recommended the
following specid controls a specid controls guidance document, testing guidelines, potentia
use of clinical data, device-specific training and labeling (to be negotiated with sponsors), and
patient documentation that lists the name of the device, the device's serid or lot numbers, an
identification number, the surgeon’s name, the name of the hospitd, the date of surgery, and a
telephone number for reporting adverse events.

The pand voted five to three to recommend that FDA reclassify unicompartmenta
MBKsinto class11. The panel recommended the same specia controls as for the total MBK,
emphasizing clinicd data and long-term follow-up. Postmarket surveillance should track adverse
events such as osteolysis, revisons, didodgment or mation of implant, and polyethylene failure.

POLL

Panel members vating in support of reclassification believed that the sponsor had
proposed adequate controls to ensure safety and efficacy of the device and to ensure proper
development of the device components. Panel members voting againgt reclassification were
concerned about inadequate clinica data and lack of comparability of MBKs. Many pane
members supporting reclassification believed that clinical data are appropriate and necessary.

HIP GUIDANCE DOCUMENT SUBMISSI ON

OPEN PUBLIC HEARING

No comments were made.

INDUSTRY PRESENTATION

Joel Batts, OSM A, presented an overview of the Hip Guidance Document Submission
(Hip GDS). The problem with hip replacement sysem (HRS) control groupsis that the variation
of the devices makes comparison difficult, creating a burden for researchers, aswel as scientific

limitations. The purpose of the Hip GDS is to move toward benchmark development. The Device
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Forum initiated the Hip GDS with input from clinicians, FDA, and indudtry. It covers arange of
study purposes and creates a three-point composite benchmark based on literature and clinician
and scientist consensus.

A short-term benefit of the Hip GDS isthat it provides clinicians, industry, and FDA with
aless burdensome, more rdiable method of conducting clinicd trids. It dso provides patients
with aclearer understanding of the risks and benefits of sudy participation and improves
confidence in conclusons from data andysis. Long-term benefits include “ gpples-to-apples’
comparisons of study results and afoundation for updating clinical and scientific consensus as
the body of knowledge grows.

Bernard Stulberg, M .D., Center for Joint Reconstruction, Cleveland Orthopedic
and Spine Hospital, OH, summarized how the Hip GDS was developed. A two-step approach
was used to create a valid document: review of literature and clinician and scientist consensus.
OSMA reviewed 277 articles for type and frequency of complications at two years. The 1,489
complications identified were divided into four main categories. device only, operative technique
only, operative technique and device, and systemic/unrelated. A consensus was devel oped
through participation of fourteen members of the Hip Society of the American Academy of
Orthopedic Surgeons.

In the Hip GDS, a study subject is considered to be successful if, a endpoint, he or she
has had no device-rdated complications, has a Harris Hip Score (HHS) of = 80, and has not had
revison surgery. Device-related complications are those in the complications list developed from
the literature review. The standardized HRS clinicdl trid objective defines a successful sudy as
onein which at least 95 percent of the HRS device group subjects are successful at endpoint
according to the composite definition.

Joshua J. Jacobs, M.D., orthopedic surgeon, Chicago, described the Hip GDS's
implications for the clinician with regard to scientific, study logigtics, and recruitment issues.

The previous approach required physicians to use two or more devices, involved subjective
determination of difference in treatment effects, and was based on patients' limited accessto or
desire for information on the device and surgicd technique. Traditional study designs require

data sets from comparable patients and devices and data sets from comparable intraoperative and
postoperative treatment protocols. However, biasis not diminated even in randomized designs.

The dinician knows which device is used in the patient at the time of surgery and follow-up. The
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ddtaisarbitrary, and trestment effect differences are subjectively chosen. The timeline to detect
cinicadly sgnificant differencesis not in accord with regulatory timelines, and it is difficult to
establish homogeneity between groups.

HRS dinica sudies need to be integrated within the dinician’s practice. Thisinvolves
many condderations, such as data collection, IRB review, and HIPAA requirements. A
sgnificant number of patients are required, and the likelihood of attrition increases asthe
number of subjects needed increases. Recruitment isincreasingly difficult: Patients are more
proactive and sdf-informed, and they increasingly request specific devices and operative
techniques. It is harder to create a control group because clinicians have specific preferences.

The Hip GDS takes serioudy the limitations mentioned above by enliging dinician
consensus based on extensive literature and clinical experience. It dlows for amore stlandardized
method of study design, review, protocol writing, data collection, and submission. Findly, it
cregtes a reference point from which future benchmarks may be set as the body of knowledge

grows.

FDA PRESENTATION

Barbara Buch, M.D., medical officer, Orthopaedic Devices Branch, FDA, explained
what a GDS is and stated that FDA would not repesat the information OSMA had aready
presented. She sad that FDA would consider the concepts presented in the Hip GDS, and also
that the agency aso has several concerns that it wanted pand comment on. These concerns
would be the focus of her remarks.

The proposed study duration is one year, but peer-reviewed journds, the FDA, and FDA
advisory pands generdly require two years of follow up. The panel has often expressed that two
years of follow-up isinadequate. The Hip GDS does not justify a 1-year follow-up timeframe. In
addition, it uses objective performance criteria (OPC) as a contral. Although historical controls
often are the least burdensome approach, are a tandard approach, involve vdid scientific
evidence, and have the potentid to facilitate review of the data, they aso have some drawbacks.
They involve one-armed observationa studies, result in compromised comparative Statistica
inference, assume that knowledge gathered can answer new clinical questions, and assumethat a
review of the literature alows complete and adequately detailed records for comparison. In

addition, such an approach resultsin tempord bias, and historicd criteria gpplied to anew device
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may not discern whether the device isinferior to current trestment. Randomized controlled trids,
however, potentialy compensate for unknown biases and confounding factors of a population
sample. Trids need tools to mitigate bias.

Dr. Buch reviewed the primary and secondary endpoints and noted that more appropriate
surrogate outcomes may be available. She noted that it was unclear which types of radiographic
evidence—radiolucency, subsidence, migration, etc.—are associated with implant or patient
falure. Traditionaly, studies have not used subjective patient eva uations of pain and may not
have a place in evauating hip replacement systems. The FDA' s biggest concern is whether the
Hip GDS captures dl adverse events and revisons.

Findly, Dr. Buch presented information on implant surviva and revision rates from three
large data sources. The Swedish Tota Hip Replacement Register, the 1994 NIH Consensus, and
the Dartmouth Atlas of Musculoskdletd Health Care. These indicate that revision rates continue
to below indl sudiesat 2, 5, and 10 years in comparison to that suggested in the Hip HGS
which would alow for a potentid 5% failure (revision) rate a one year. .

Phyllis Silverman, M.S., Division of Biostatistics, presented information on OPC use.
The Hip GDS proposes a one-am sudy using atarget vaue that is afixed historica control.

Each patient is labeled a success or failure according to clinically defined criteria Then the
proportion of study successesis statisticaly compared to the target vaue. Ddltais the margin of
noninferiority, or dinicaly inggnificant amount.

When designing a study, such asthat proposed by this Hip GDS, one picks atarget vaue
and delta, setsthe Type 1 error and the power, and then computes the sample size. One can dso
fix the sample Sze and ddlta and see what observed study success one must meet and what the
power isto do so. No matter what ddltaiis chosen, target minus delta equas minimum guarantee.
Sample Sizeincreases as target value decreases. Sample Size increases as delta decreases, and
sample size increases as power increases. To increase power, one must decrease variability.
Severd examples using different deltas and study outcome success were compared to show how
this would affect the success of the study.

PANEL REVIEWERS
Jay D. M abrey, M.D., reviewed the agency’ s definition of least burdensome. Totd hip
arthroplasty is one of the most successful operations ever created, and 30-year follow-up shows
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excdlent results. The gate of the art has changed substantidly since the 1994 NIH consensus
Satement was written. Various tota hip designs, fixation methods, and surgical techniques need
to be compared with each other. Rehabilitation interventions and patient-level predictors are
important. Long-term follow-up is essentia to determining outcomes and pathologica processes.
Failures related to osteolysis and debris are identified only through long-term follow-up.

Multiple combinations of components are available today. Metd-on-metd hipsraise the
problem of cobat and chromium ion concentration in blood, the significance of which is unclear.
Totd hip arthroplasty has evolved into afamily of procedures involving many approaches; entire
catal ogs are devoted to new instrumentation used in these approaches.

Follow-up duration of 24 monthsis appropriate. Sx-week and 6-month follow-up is
ussful for determining early complications; later follow-up can detect failures of materias and
device incorporation but this requires more than 24 months. Early failure may not be evident a
12 months, particularly in older patients.

Indications are extending to younger and older patients, and patient sdlection is
asociated with race and level of income. Ininitid studies of a device, sponsors should consider
dratification of patients. Data are more powerful with grouping, especidly if there are no
concurrent randomized controls. Numbers of patients may vary, depending on variables being
Studied.

HHSs have been validated against other measures. In addition, sponsors should consider
usng qudity-of-life surveys, such as the SF36, aong with disease- gpecific surveys. The
WOMAC ogteoarthritic index is a possibility, too. Outcomes are affected by factors beyond the
implant itsdf. A HHS of >90 in every case would be idedl, but 80 or better is acceptable and isa
conservative approach.

Concerning postmarket studies, continued follow-up is the norm for mogt tota joint
surgeons. Routine radiographs and examinaions should occur at 1- or 2-year intervas, but it can
be difficult to get patients back into the doctor’ s office. In most cases, continued reporting is not
burdensome. The U.S. totd joint registry is ill under development. Surgeons continue to collect
datain order to have publishable research.

Hip systems present specia concerns because they are modular devices that have

interchangeabl e bearing surfaces and geometry. Devices do not dways come from same
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manufacturer, and surgeons can mix and metch fixation and materids. It isimportant to Srictly
follow the protocol if the devices are part of an ongoing sudy.

Kinley Larntz, Ph.D., described his review of guidance documents that specify OPC
and discussed some of the differences among them. For hip replacement, the field might be
better off using historica data, because there is so much of it. Control groups can go wrong. If
one has data and can do the matching, then OPC are acceptable. Multiple outcomes should be
assessed. For example, what if HHSs were acceptable, but 5 percent of the patients had revisions
a one year. Historica datawould say that is not agood outcome. Standards for revisons, hip
scores, and complications should be set separately.

PANEL QUESTIONS

Question 1: Please discuss each of the proposed benchmark criteriain the submission and, if not adequate,
discuss what optionswould be reasonablein terms of endpoints, sample size, successrate, or any other
parameters.

The panel was not in agreement as to whether a composite endpoint was most

appropriate or whether severd scores should be used, one of which could be a composite. It
agreed that more discussion was needed between OSMA, clinicians, and FDA. It was noted that
the clinica community is more comfortable with 24-month rather than a 12-month follow-up.

The pand generdly believed that it was acceptable to have a study that can demonstrate that the

true success rate for the device is no less than 91 percent.

Question 2. Please comment on the duration of patient follow-up in the context of the proposed composite
OPC for patient and study success presented in thisdocument. Include a discussion of thetime patients
should befollowed after treatment.

The pand did not reach a consensus. Many panel members believed that higtorica
controls may be acceptable, and they were divided as to whether 1- or 2-year follow-up was most
appropriate. Panel members noted the difficulty with patient retention through 2-year follow-up.
Two-year follow-up might be most appropriate if usng a composite score for success.

Question 3: Please discuss any inclusion and exclusion criteriathat would beimportant toincorporatein the
guidance.

The pand agreed that studies should use standard incluson and exclusion criteria, such
as patients who are not pregnant; have no psychiatric problems; and have no known factors
affecting outcomes of totd joint replacement, including BMI, activity levels, and diagnoses.
Standard internationd exclusions should be used. The study population should mimic the genera
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population that would receive the implant. Sponsors should record demographic characteristics
such as age, sex, race, and weight.
Question 4: Please propose and discuss any new ideas for appropriate alter native outcome measuresor other

surrogate endpointsto predict successin patientswho may beyounger, healthier, heavier, and mor e active
than thosein the historical literaturereviewed.

The pand concurred that some sort of radiologica follow-up and other patient
satisfaction messure, such asthe SF-36, WOMAC, HHS, or return to activity, was appropriate.

Question 5: Please comment on the types of questions a postmarket study may appropriately address; the
duration of follow~up that would be necessary; and the amount and type of data that should be collected to
answer the posed questions after device clearance or approval.

The pand generdly agreed that long-term postmarket follow-up may be appropriate; it
may be the only way to answer some questions. X-ray follow-up and follow-up on some adverse
events may be necessary even if a 1-year endpoint is chosen.

Question 6: Based on your experience and the experiencein published literature, please comment on the

types of hip sysemsthat would be amenableto the use of OPC and which are not.
The pand agreed that the OPC represent minimum requirements; less used systems,

custom devices, tumor systems, and revision devices need further FDA review. One-year follow-
up is most appropriate for primary joint replacement and gives the most consistent data. It is hard
to know which types of future hip joint replacement devices the Hip GDS may be appropriate

for.
ADJOURNMENT

Drs. Yaszemski and Witten thanked the participants, the pand, and the sponsor. Dr. Y aszemski
adjourned the meeting at 3:56 p.m.

Page 34 of 34



| certify that | attended this meeting of the
Orthopaedic and Rehahilitation Devices
Advisory Panel on June 2 and 3, 2004, and
that these minutes accurately reflect what
transpired.

Janet L. Scudiero, M.S.
Executive Secretary

| gpprove the minutes of the June 2 and 3, 2004, meeting
as recorded in this summary.

Miched J. Yaszemski, M.D.
Chairperson

Page 35 of 35



